The paper is focuses on one of probabilistic methods which can be used for failure analysis and reliability assessment of steel structures which are subject to cyclic loads and exposed to fatigue. A particular attention is paid to creation and propagation of fatigue cracks from edges and surface. On the basis of the reliability assessment, a system of inspections is proposed for structural details which tend to be sensitive to fatigue damage. A new probabilistic method which is still under development -Direct Optimized Probabilistic Calculation ("DOProC") -was used for this probabilistic task. This method is the basis of the FCProbCalc code.
Introduction
Reliability of load-carrying structures has been assessed by various calculation procedures based on probability theory and mathematic statistics, which have been becoming more and more popular [6, 12, 13] . The calculation procedures are well-suited for the design of elements in load-carrying structures with the required level of reliability if at least some input parameters are random and contribute to a qualitatively higher level of the reliability assessment [11] and, in turn, higher safety of those who use the buildings and facilities [5] . This paper discusses application of the original and new probabilistic methods -the Direct Optimized Probabilistic Calculation ("DOProC"), which uses a purely numerical approach without any simulation techniques [3, 9] . This provides more accurate solutions to probabilistic tasks, and, in some cases, to considerably faster completion of computations [4] .
DOProC has proved to be a good solution, among others, in probabilistic analyses of fatigue crack propagation in constructions subject to cyclical loads [8] . Similarly to other probabilistic analyses, this information is used as a basis for proposing a system of inspections of the cyclic load construction [2, 10] . In order to improve quality of probabilistic calculations, special software -FCProbCalc [7] -was developed. Using this software, the task can be solved flexibly in a userfriendly environment.
Probabilistic Approach to Propagation of Fatigue Cracks
In order to describe the propagation of the crack, the linear elastic fracture mechanics is typically used. It is based on the Paris-Erdogan law [14] :
where C, m are material constants, a is the crack size and N is the number of loading cycles. The initial assumption is that the primary design should take into account the effects of the extreme loading resulting from the ultimate state of carrying capacity method [1] . Then, the fatigue resistance should be assessed. This means, the reliability margin in the technical probability method is:
where R is the random resistance of the element and S represents random variable effects of the extreme load. The Eq. 1 can be modified to definition R and S from Eq. 2. Three sizes are important for the characteristics of the propagation of fatigue cracks. These are the initiation size a 0 , the detectable size a d and the final acceptable size a ac . The failure probability P f equals to:
where N is number of cycles needed to increase the crack from the initiation size a 0 to the acceptable crack size a ac . While the fatigue crack (see Fig. 1 ) is propagating, it is possible to define three random phenomena that are related to the growth of the fatigue crack and may occur in any time, t, during the service life of the structure [10] .
DOProC probabilistic calculation
FCProbCalc (Fig. 2) was developed using the aforementioned techniques. By means of this code, it is possible to carry out the probabilistic calculation of propagation of fatigue cracks in a user friendly environment.
While the fatigue crack (see Fig. 1 ) is propagating, it is possible to define three random phenomena that are related to the growth of the fatigue crack and may occur in any time, t, during the service life of the structure. Then:
• U (t) phenomenon: No fatigue crack failure has not been revealed within the t time and the fatigue crack size a (t) has not reached the detectable crack size, a d . This means:
(4) • D (t) phenomenon: A fatigue crack failure has been revealed within the t time and the fatigue crack size a (t) is still below the acceptable crack size a ac . This means:
(5) • F (t) phenomenon: A failure has been revealed within the t time and the fatigue crack size a (t) has reached the acceptable crack size a ac . This means:
The cracks propagate from edges or surface and the goal of the probabilistic calculation is to determine the time for the first and subsequent inspections which focuses on damage to the structure (Fig. 2) .
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Conclusion
This paper discusses development of the DOProC probabilistic method and its use in the reliability assessment of the constructions [3, 4, 9, 11] . The result of this method is similar to other probabilistic approaches: proposal of a system of regular inspections of the construction. Those computations were applied in FCProbCalc which was used for the mathematical modeling of propagation of fatigue cracks from the edge and surface [7, 8] . A probabilistic reliability assessment of the constructions was also performed in this software -it was based on the exact definition of the permissible size of the fatigue crack. When determining the required degree of reliability, it is possible to specify the time of the first inspection of the construction which will focus on the fatigue damage. Using a conditional probability, times for subsequent inspections can be determined [10] . If this methodology is developed further, the goal of investigations seems to be, in particular, application of Bayesian networks [15] in the computational model which describes propagation of fatigue cracks.
